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t"*^ ■ The gauge approach to gravity based on the local Lorentz group with a general independent afline 

("^ ' connection yl^cd is developed. We consider 5*0(1,3) gauge theory with a Lagrangian quadratic in 

^Sj , curvature as a simple model of quantum gravity. The torsion is proposed to represent a dynamic 

degree of freedom of quantum gravity at scales above the Planckian energy. The Einstein-Hilbert 
j^ ' theory is induced as an effective theory due to quantum corrections of torsion via generating a stable 

gravito-magnetic condensate. We conjecture that torsion possesses an intrinsic quantum nature and 

can be confined. 
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(^ ■ I. INTRODUCTION 

o . . 

■^ ' The idea that torsion should play an important role in gravity descends from works by E. Cartan [ij who had 

j-^] deep insight into the nature of space-time geometry. Cartan was first to realize the tensorial character of torsion and 

I ■ subsequently the approach to gravity including torsion was developed extensively [2, BSQ- Near that time H. Weyl 

wj,' invented a gauge invariance principle [6,] which was used successfully as a guiding rule in constructing the modern 

theories of electro-weak and strong interactions. The gauge approach to gravity based on Lorentz and Poincare group 

was proposed in [3, H, M, ll3| and later was developed by many physicists [ll|, [ij, [ij, [lj| . The translational gauge 

k> ! formalism of Einstein theory was further developed in JJJ . In these approaches the initial classical Lagrangian includes 

5_j the Einstein-Hilbert term (in addition to other possible terms quadratic in curvature and torsion) providing the correct 

Cu I limit of Einstein gravity. Note that in higher-derivative quantum gravity models with the Einstein-Hilbert term the 

unitarity problem of the physical S'-matrix can be resolved consistently [Ij] . The Carmeli theory [ij based on the 

Lorentz gauge group 5*0(1, 3) ~ SL{2, C) is an example of a model which contains only a quadratic curvature term 

of Maxwell type and, therefore, appears to be a fourth-order theory for the metric tensor. For pure gravity without 

matter the equations of motion in Carmeli's model lead to the Newman-Penrose form of the vacuum Einstein-Hilbert 

equations. This is an interesting hint that the 5*0(1,3) connection can be regarded as a dynamical variable just like 

the metric tensor. Such a point of view was adopted in [15|] where authors treated the gauge connection in Carmeli's 

model as an independent variable and demonstrated the renormalizability of the theory. 

Einstein gravity is an effective theory and can be deduced from some more fundamental theory was discussed by 
Zel'dovich and Sakharov in 1967 [16l.ll7l|. The possibility of inducing the Einstein theory via quantum corrections was 
considered in past by many physicists in various approaches: scale (conformal) invariance breakin g sc hemes jlSl. Il9l|. 
non- linear realizations of the Lorentz group [20, ^Ul , models with spontaneous symmetry breaking [23, [23| where the 
graviton emerges as a Goldstone boson [2J, [25l [2q , and others [23, [2^ . In most of these approaches the Einstein- 
Hilbert term is induced by quantum corrections due to interaction with a scalar matter field. The disadvantage of this 
is that we have no any experimental evidence for the existence of fundamental scalar fields (like a dilaton or inflaton). 
Moreover, the inducing of Einstein gravity from the interaction with matter fields looks unsatisfactory because such 
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a mechanism does not give any answer to the origin of the classical Einstein theory limit in the absence of matter. 
Contrary to this, we use a minimal formulation of the theory without scalar fields and demonstrate that even in a 
pure quantum gravity model with torsion the Einstein-Hilbert action can be induced due to quantum dynamics of the 
torsion via formation of a non trivial vacuum with a gravito-magnetic condensate. 

In the present paper we are constrained to follow the gauge approach to gravity based on the Lorentz gauge group. 
We do not consider a more general case which includes the Poincare gauge group, although such a formalism can 
be developed as well. Our motivation to follow only the Lorentz gauge group approach is twofold. First of all, the 
local Lorentz symmetry has its own deep physical meaning since it reflects the presence of weak equivalence principle 
which is a basic fundamental principle lying in the nature of the gravitational force. We expect that contortion as a 
part of Lorentz gauge connection could play a principal role at quantum level. The second reason of our constrained 
consideration is that we are looking for a possible mechanism of emergent Einstein gravity which can be induced as an 
effective theory during phase transition at Planckian scale. So that we are interested in such a theory where the metric 
obtains its dynamical content after phase transition at lower energy scale. The contortion could be a good candidate 
to switch on the mechanism of dynamical symmetry breaking through the quantum corrections. We develop this idea 
by suggesting that the torsion (contortion) represents exactly the dynamic variable of quantum gravity. Moreover, we 
conjecture that torsion can be confined and exists intrinsically as a quantum object, and its quantum dynamics manifest 
themselves by inducing the Einstein-Hilbert theory as an effective theory of quantum gravity below the Planckian scale. 

The paper is organized as follows. In Section II we describe the main lines of the model following Utiyama-Kibble- 
Sciama gauge approach to gravity 7, 8, 14, 15] based on the Lorentz gauge group. In Section III an effective quantum 
action is calculated in one-loop approximation by integrating out torsion degrees of freedom. It has been shown 
that the corresponding effective potential possesses a non-trivial minimum which provides a vacuum gravito-magnetic 
condensate. The classical limit of Einstein-Hilbert theory is obtained as an effective theory induced by the quantum 
dynamics of torsion. In Section IV we outline some parallels between the quantum gravity model with torsion and the 
quantum chromodynamics (QCD). The last section discusses the non-positiveness of the classical Hamiltonian and 
our main results. 



II. UTIYAMA-KIBBLE-SCIAMA GAUGE APPROACH TO GRAVITY 

In early approaches to the formulation of gravity as a gauge theory of the Poincare group [3, [^, [ill U^ the vielbein 
e^ and Lorentz afSne connection A^"^ were introduced (we use Greek letters n,v,... for the space-time indices and 
Latin letters a,b,c, ... for the Lorentz indices). For simplicity we will not consider the Poincare gauge group and restrict 
ourselves with a case of the proper Lorentz group S0{1, 3). The infinitesimal transformation of a Lorentz vector Va is 
given by 

SVa = [A, Va] = A^b, (1) 

where A = Acd^'^'^ is a Lie algebra valued parameter, and Sl'^'' is a generator of the Lorentz Lie algebra. The vielbein 
e^ allows us to convert Lorentz indices into space-time indices and vice versa. We assume that the vielbein is invertible 

e^etf, = riab, (2) 

and the signature of the flat metric rjab in the tangent space-time is Minkowskian, rjat — diag{-\ ). Throughout 

the paper we follow Kibble's approach [^] and treat the vielbein as a fixed background field which does not manifest 
any dynamical content. This is not a principal limitation and one can overcome it by generalization to Poincare group. 
The covariant derivative with respect to the Lorentz group is defined in a standard manner 

^a = <(9^ + .gA^), (3) 

where A^ = A^cd^ is a general afHne connection taking values in the Lorentz Lie algebra, and g is a new gravitational 
gauge coupling constant corresponding to the Lorentz gauge group. For brevity of notation we will use a redefined 
connection which absorbs the coupling constant. The general gauge connection A^cd can be written as the sum 



A' - ^J{e) + if^/, (4) 



where K^ is a contortion and fnci^) is a Levi-Civita spin connection given in terms of the vielbein 

^A^) = li^^^e^a - e^e-^^^d'e,, + a,e^ - e^d^et + e^^'e^dae,, - d'e^a). (5) 

The original Lorentz gauge transformation has the form 

SK^ = -[K^,A], (6) 

where <p = ip picd^'^'^ , and K^ = K^cd^'^'^- Let us consider the main hues of Ricmann-Cartan geometry (see e.g. Q). 
The torsion and curvature tensors are defined in a standard way 

[i?„ A] = T^fci^c + Rab, (7) 

here, Rafc = Ratcd^'^'^- The non-holonomicity coefficients C^% are given by the equations 

[A„Afc] = Q^,A„ Aa^e^9^. (8) 

To make the derivative Z?^ covariant under the general coordinate transformation one includes the Riemann-Cartan 
connection T^ as well 

D^V^d^V + T'^^pVP. (9) 

The Riemann-Cartan connection is related to the general Lorentz connection A "^ by definition, via 

Df^e-''' = d^e"'' + V^^eP'^ - e'^A^l = 0. (10) 

The Christoffel symbol Vf = TP is related to the Levi-Civita connection by means of the reduced equation 

D^eP^ = d^e"'^ + r^^eP^ - e'V/b = 0. (11) 

Solving this equation one can find a standard relationship between T^ and (p ^ 

fp^^^eP^e^b^J + e.td^eP". (12) 

An antisymmetric part of the Riemann-Cartan connection defines the torsion components in the holononnc basis 

r^i/ ^ r^^ ~ T^^. (13) 

The contortion components in the unholonomic basis can be expressed in terms of torsion, and conversely 

"^ab — ^ab ^ \a + ^ ah — ^ ab ~ ^ba^ (14) 

Kabc^^{Tabc-Tb,a+T,ab). (15) 

Under decomposition ^ the Riemann-Cartan curvature is split into two parts 

Rabcd = Rabcd + Rabcd, (16) 

Rabcd = D{aVlfc + '/=[a|c<^%' 
Rabcd == D[aKj^- + K^^^^K^^, 

where the underlined indices stand for indices over which the covariantization has been performed, and we use a short 
notation for the index antisymmetrization [a, b] = ab — ba. 



One can define the classical Lagrangian for a pure gravity with torsion which contains only terms quadratic in 
curvature tensor 

C = -^{aRabcdR""'" - ^mabR"' + iR^), (17) 

where Rah = v'^'^Racbd and R = if^Rab and a, (3,^ are real numbers. The case a = /3 = 7 = 1 corresponding to Gauss- 
Bonnet type Lagrangian is considered recently in [29| . In the present paper we deal with Yang-Mills type Lagrangian 
setting a = l,/3 = 7 = 0. The Yang- Mills type Lagrangian with the general Lorentz connection constructed from 
SL{2, C) dyad and vielbein was considered by Carmeli [14|. It had been demonstrated that the corresponding equation 
of motion after projection with the vielbein produces the vacuum Einstein-Hilbert equation in Newman-Penrose form. 
Later Martellini and Sodano considered Carmeli's model treating the Lorentz gauge connection as independent of 
vielbein, and proving its renormalizability ||15] . The Lagrangian (|17p has been considered also in [30] with studying 
the problem of the non-compactness of the Lorentz group. 

Since the Lorentz group is not compact the Lagrangain Cq leads to a non-positive definite Hamiltonian. For that 
reason one usually adds to the Lagrangian the Einstein-Hilbert term ^/—gR which helps to resolve the non-unitarity 
problem connected with negative energy states. One should stress that we do not introduce the Einstein-Hilbert term 
as in Utiyama-Kibble-Sciama approach [3, Q- Neither we introduce the SL{2,C) spin frame as Carmeli did in his 
approach [14| to make the correspondence with Einstein-Hilbert vacuum equations in the Newman-Penrose formalism. 

There were some attempts to consistently quantize the gauge theory with a non-compact structure group [30|. 
An interesting example is given by the gauge theory for a non compact Virasoro-Kac-Moody group which can be 
quantized properly due to spontaneous symmetry breaking [3l|. We will show that our model implies the quantum 
effective action with a non-zero vacuum condensate which provides a new scale in the theory. The presence of the 
new dynamically generated scale can justify the self-consistency of the quantization procedure in our model with the 
initial non-positive definite classical Hamiltonian. 

We will adopt the point of view that even though the classical action (fT7|) does not produce a positive definite 
Hamiltonian, nevertheless, a consistent quantum theory can be formulated. Since the canonical quantization method 
fails to handle the quantization problem we will apply the quantization scheme based on the functional integration 
in Euclidean space-time. Within this quantization scheme the quantum theory can be constructed since the Lorentz 
group is locally isomorphic to the product of compact unitary groups SU{2) x SU{'2,)' in Euclidean space-time. 



III. EFFECTIVE ACTION 

The general approach to derivation of a low energy effective theory is based on integrating out all high energy 
(heavy massive) modes in the generating functional of the effective action while keeping light modes (massless or 
light particles) as a classical background. A simple example of such an effective theory is represented by the well- 
known Euler-Heisenberg effective Lagrangian in quantum electrodynamics (QED) [32, ISj] which includes quantum 
contributions of electron loops while the massless photon is kept as a classical external field. In a similar way we 
will integrate out the contortion (which is supposed to gain an effective mass dynamically) keeping the massless 
gravitational field ej^ as a fixed background. 

In general, unlike the QED Euler-Heisenberg effective action, the quantum corrections can induce additional changes 
in the structure of the initial perturbative vacuum and generate phase transitions to new phases with non-trivial vacua. 
During the phase transition some non- vanishing vacuum field condensates may be formed. Such a phenomenon occurs 
in QCD during the transition between deconfincmcnt and confinement phases where non- vanishing quark and gluon 
condensates are generated. The presence of non-trivial vacuum condensates leads to additional modification of the 
classical Lagrangian and Green functions. 

With this preliminary let us start with a pure Yang-Mills type classical action 

Sci = I d'^x^/^Co^ -- I d'^x^/~^{R^,^cd + R^ivcdf- (18) 



A special feature of this action is the presence of an additional local symmetry under the following so-called quantum 
gauge transformations 

Je^ = ,5^^(e)=0, 

6K^ = -D^A-[K^,A], (19) 

where A = Acd^'^'^ and the restricted covariant derivative D^ = 9^ + (p is defined by means of the Levi-Civita 
connection only. The restricted derivative Z?^ is covariant only under the original Lorentz gauge transformation (p|). 
Notice, that the construction of the restricted derivative has a deep analogy with the mathematical structure of Abelian 
projection in quantum chromodynamics [3a |. We will consider the physical implications of this analogy in the next 
section. 

To study the problem of whether vacuum condensates can be formed one has to calculate first the effective action 
r[J^; e] which is a generating functional of one-point irreducible Green functions [3J|. The "classical" field K f =< 
K^f >j represents the vacuum averaged value of the field operator at the presence of a source, and e° is a fixed 

background metric. Then, from the structure of the effective potential part of the effective action T[K] e] one can find 
whether a non-trivial vacuum condensate can be generated. 

To calculate the effective action one should split the contortion K J^ into the " classical" field iiT / and the quantum 
fluctuating part Q^^ 

K^f = K^,' + Q^^. (20) 

Exact calculation of the effective action for an arbitrary field K J^ and given external field e° is a hard unresolved 
problem. To simplify the calculation we use the important property of the Yang-Mills type Lagrangian (jlSp due to 
the additional symmetry under the quantum transformation. Namely, the vacuum torsion condensate < 0|i?afccrf|0 > 
can appear only in the form of a gauge covariant additive combination Tiahcd-\- < Rabcd > what follows directly from 
the general renormalization properties of the model [la]- So that, to find the functional dependence of the effective 
potential Veff{R+ < R >) on < R > we calculate first the effective potential Veff{R) by setting K^f — 0, i.e., 
K^cd = Qticd- Then, after completing the calculation we will restore the dependence on torsion condensate < R> 
by simple adding this term to R in the final expression for Veff{R). By this way the calculation becomes technically 
much simpler and very similar to derivation of the effective action in SU(2) gauge theory. 

We follow the standard formalism of quantization based on the functional integration [3J|. The quantization 
procedure is performed with respect to quantum gauge transformation (|19p . and the resulting effective action will 
keep the original Lorentz gauge invariance ([6]). With the generalized Lorenz gauge fixing condition Dfj.Q'^ = one can 
find the gauge fixing term Cgf and Faddeev-Popov ghost term Cpp 

^9f = ltr{D,Qn', (21) 

CFP = tricD''iDf,c)). (22) 

After taking integration by parts the effective action can be written in the form 

exp{iTeff) = f VQf^VcVcexp {i f d'^x^^tr^-Rl^ ^ ^Qf'ig^.DD - ARf,,)Q'' + c{DD)cjy (23) 

The formal expression for the one-loop effective action is simplified to 

Te// = S,i - '-TrHig,,iDD):i - 2R^f {UfYj,)] + tTrH{DD)li], (24) 

where {fef)ab ^'^^ ^^^ structure constants of the Lorentz Lie algebra. It should be stressed that the background 
curvature tensor R^vcd in the last equation represents an arbitrary non-constant background. The rigorous way to 



calculate the full effective action including both the real part and especially the imaginary part must specify the field 
background. For a constant background the calculation can be carried out in full analogy with the case of SU{2) QCD 

Mm- 

The functional determinants in Eq. (|24p are not well-defined in Minkowski space-time. As is known the adding an 
infinitesimal number factor — ie to the bare Laplace operator in the full operator DD is conditioned by the requirement 
of causality. This infinitesimal addition defines uniquely the Wick rotation to the Euclidean space-time. In our case 
we should perform the Wick rotation in the base space-time and in the tangent space-time as well, so that the Lorentz 
group in the Euclidean sector turns into the compact orthogonal group 50(4) ~ SU{2) x 5[/(2)'. With this the 
functional integral becomes well-defined. Certainly there remains the problem of analytical continuation of the final 
expressions from Euclidean space-time back to Minkowski space-time. 

It is convenient to use the Weyl representation for Dirac matrices 7** in Van der Warden notation. In Euclidean 
space-time the Weyl representation is defined as follows 

7'' = ( °^^aa"o^ ) , ^^a - (*1, -r), a^"^" - (*1, r), (25) 

where f are Pauli matrices. The Cartan algebra of the Dirac matrices is given by 

{-f'',Y} = -26''\ (26) 

With these notations one can easily convert any real antisymmetric Lorentz tensor Vcd into the complex symmetric 
SU{2) spin tensor Vap 



Fa/3 = V,da%, % = V^aafij, (27) 

^cd ^ ( „c-d „d-c\ 7 -cd ^ t -cd -d„c\J 



The spinor indices can be lowered and raised with the help of the spinor metric Sapisais)- The inverse relations for 
the spin tensor V^, in terms of the antisymmetric tensor K. includes a dual tensor V*^-^ = ^^'^V.d 

ya/3^cd ^ ycd _^ y*cd^ 

T/a/5^cc^ ycd y^cd V^°/ 

Q/3 

In spinor notation the Lorentz algebra can be termed with a complex generator ujap = — (o'cd)Q/3^^ (and its 
complex conjugate Wg,^) 

[uJafS, UJjs] = ■^{Saj^lSS + e^-y^aS + ^aS^^Pj + £0S(^aj)- (29) 

o 

Now we can express explicitly the local isomorphism 50(4) ~ SU{2) x SU{2)' by defining the generators of 
SU{2) X SU{2)' Lie algebra 

r^ = -2f„%", 

T'^ ^ -2riQf. (^^^ 

Notice that the above relations allow us to convert any symmetric second rank spin tensor T^p into an SU(2) vector 
T\ so that we can find the 5(7(2) x 5C/(2)' Lie algebra generated by T\ T'^ 






(31) 



With this one can write down any Lorentz Lie algebra valued object in SU(2) notation. For instance, one has the 
following SU{2) x SU{2)' decomposition for the gauge Lorentz parameter A 

Kcd^"'^ = A"''^]^^ + A'"^f}^^ = ~i{K'T' + A''T''). (32) 

In SU{2) notation the gauge Lorentz transformation of the afhne connection A'jfftcd = A'^T'^ + A''' T'^ reveals a 
"chiral" structure corresponding to the group product SU{2) x SU{2)' 



5A'^T' ^ -d^K'T' - i[A^,K], 
SA'^T" = -df,A"T" - i[A'^,A']- 



(33) 



We have a similar factorization property for the curvature tensor 

Rf^.c^^" = -*(i?;.r + R%T'^). (34) 

The functional determinants in ([M)) are factorized into the direct product of SU{2) determinants, and the effective 
action takes a more simple form 

+ iTr\n[{bDy^]+iTr\Ti[{D'iD'y^], (35) 

where all quantities corresponding to the group SU{2)' are marked with an apostrophe. 

Notice, the SU{2) curvature squared term (/J^j,)^ contains not only the Riemann tensor R^ucd but also its dual 
counterpart /^*M"^cd 

{Ray) — niRtJ^'^cdR'^"'^ + Rp,ycdR* '^"'^ ) = -^{R +RR*), 

J _ ^ (36) 

{R'llu)^ = g{R - RR*)- 

In electrodynamics and Abelianized QCD f36| we can define two main gauge invariant variables corresponding to 
the magnetic (B) and electric (E) fields (in an appropriate Lorentz frame) 



1 



B = -J^Fi + iFF*y+F^, 



V ' ' ' ' (37) 



E = -^^F^ + {FF*Y-F\ 

where F^j^ is the Abelian field strength. For a pure magnetic background one has FF* = and F^ = 2B^ . In a 
similar way as in Maxwell electrodynamics we will consider the constant gravito-magnetic field without specifying an 
explicit structure of the corresponding connection (or torsion) assuming that the following conditions are satisfied 

RR* = 0, R^ > 0. (38) 

For such a pure gravito-magnetic background one has (R^.,,,)^ = (-Rui/)^ = 2i7^ > 0. With this the functional 
determinants in (|35p can be simplified to a scalar form [3y| 

Teff = Sci - iTr \n[I)D - 2H] - iTr \tl[DD + 2H] - iTr ln[i)'l)' - 2H\ - iTr \n[D'D' + 2H] , (39) 

D^_, = d^ + igA^, 

where A^ {A') is an Abelian projected component of 311(2) (S'[/(2)') gauge connection. Applying Schwinger's proper 
time method of calculation of the effective action [36l . |38| and the ^-function regularization we obtain the one-loop 
effective Lagrangian 



2 487r2 ^ ^2 ^ ^ Svr 



'Ce// = ~-,H^ - S^^^dn^ - c) + -tH^ (40) 

1 24 , 3. 



c=l- 2 -^C(-l,2) = 1-29214 
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Formally, the expression for the effective Lagrangian is identical to that of SU{2) QCD. Notice, the logarithmic term 
corresponds to the nonperturbative contribution of all higher order one-loop Feynman diagrams. Now, using the 
renormalizability property of our model we can restore the torsion vacuum field in the equation (j40p by substitution 
if^ -^ {R+ <R>)'^/2. With this the real part of the effective potential Vefj = —Re{Ceff) takes a final form 



1 ^ ~ . llo2 , . , g\ {R+<R>)y2 

Veff = -^iR+ <R>r + ^iR+ <R>ni^ ^ ^, — -—- c). (41) 



Obviously, the real part of the effective potential has a new non-trivial minimum at i? = and with a non-zero 
vacuum torsion condensate < i?^;,^^ >■ Notice, that for the vacuum state corresponding to that minimum we have 
still an imaginary part of the effective Lag rang ian ig^ <R^ > /16it which is nothing but the Nielsen-Olesen imaginary 
part derived in SU{2) QCD long time ago [39|. The appearance of the imaginary part is a natural consequence of our 
constant field approximation which implies that the vacuum is not stable and can be treated only as an approximation 
to a true vacuum with a lower energy. 



To make some estimations let us consider for simplicity the real part of the effective potential with the torsion 
condensate in a fiat metric background, R^ucd — 0, 



\r~r2 , ^^9\~r2n^9H 

2 
1 



Vnon-ren = -H' + -^H' {\u^ - c), (42) 

2 487r^ /i^ 



One can renormalize the effective potential Vnon-ren imposing an appropriate normalization condition 



y non—ren 



9ij2 



^2 



~ = ^- (43) 



The renormalized effective potential includes the running coupling constant g{n) which depends on energy scale 
parameter p, 



l^.nf~gH 3 
2^ +48^^ (^^^~ 2 



Ke„ = ^H' + -^H\\n ^ - -). (44) 



One can check that the effective potential satisfies the renormalization group equation with the same /3-function as 
that in a pure SU(2) Yang-Mills theory. The effective potential has a non-trivial minimum Vmin and leads to a 
gravito-magnetic condensate <H> 



2 



Vrmn = -^<H>', (45) 



1927r2 
9 llff 



r72 247r2 

<i?>=^exp[-^ + l]. (46) 



The presence of the minimum of the effective potential does not guarantee that the corresponding new vacuum is 
stable. The stability of the vacuum condensate even in a pure SU{2) model of QCD presents a long-standing problem, 
and resolving that pro blem has passed through several controversial results since the early papers by Savvidy, Nielsen 
and Olesen [33, llo, |4l|, \^ |4^ . Without clear evidence or at least a strong indication of vacuum stability one can not 
make any serious statement based on the existence of a non-trivial vacuum condensate. Recentl y, s ubstantial progress 
in resolving this problem in favour of stability of the magnetic vacuum has been achieved |36l. |37|. Moreover, it has 
been found that a stable classical configuration made of monopole-antimonopole strings does exist in the SU{2) model 
of QCD |44| . providing a strong argument that a stable magnetic vacuum can exist in QCD and, therefore, in our 
gauge model of quantum gravity with torsion as well. 

The gravito-magnetic condensate <H> generates a new renorminvariant scale M in the theory. We suppose that 
the local gauge Lorentz symmetry is not broken, so the lowest torsion condensate must vanish < Tabc >= 0. Since 



one has a non-trivial dynamically generated scale M one can expect a non-vanishing vacuum averaged value for the 
curvature tensor corresponding to the torsion 

< Rabcd >= -zM^ {Vacllbd " Vadllbc), (47) 

The factor M^ need to be positive since it corresponds to a positive curvature space-time which can only be created 
due to quantum fluctuations of torsion through the vacuum transition from the trivial vacuum to the non-trivial one. 
It is important to stress that the above expression for < Rabcd > with a positive scale M^ satisfies the conditions 
(|38p for the gravito-magnetic field. Moreover, the tensor structure of ((47)) is unique because adding another term 
proportional to the antisymmetric tensor Cabcd is forbidden by (|38p . and such a term would contain a gravito-electric 
component implying quantum instability. 



Expanding the original classical Lagrangian (|T8|) around the new vacuum by shifting Rabcd — > Rabcd+ < Rabcd > 
one obtains 



1- ~ 1-1- 3 

^{Rabcd + Rabcd? =—^R'-^RM^-^^ 



-EHeff = —-{Rabcd + Rabcd) — ^-R ^ 7,R^'^ ^ 7^^^ ■ (^8) 




One should emphasize that even though the vacuum averaged value < Rabcd > is specified by (I47p . the classical 
gravitational field Rabcd is not constrained in general. The last term in the equation corresponds to a positive vacuum 
energy density which is supposed to be born during the vacuum transition. From this we can estimate the numeric 
value of M by setting 3M^/2 = \Vmin\ 

Notice, that the scale M is renorminvariant, i.e., it does not depend on a particular value of p,. The last two terms in 
(|48p produce the Einstein-Hilbert type terms in the effective Lagrangain (in units ft = c = 1) 

i^EHcff = -\Rlbcd ~ Y^ {R + 2A) . (50) 

So that the Newton constant G and the cosmological constant A are determined by only one renorminvariant scale 
Af^, in other words, by the renormalized running coupling constant g at some scale /2, expected to be of the order of 
the Planckian energy IQ^^Gev. 

Certainly, the assumption ((47|) leads to a desired induced Einstein-Hilbert term, as has been known before. The 
most important point is to provide a foundation for that hypothesis. In our approach we put this assumption on real 
ground by explicitly calculating the effective potential and having found a stable classical vacuum solution in SU{2) 
gauge model [4J| which is a part of Lorentz gauge theory in Euclidean formulation. We have hope that this assumption 
might be true, at least in the framework of our simple model. 

One can not fit both experimental values of constants G and A concurrently by adjusting the scale parameter M, 
so that the cosmological problem remains unresolved. An additional uncertainty is related with the unknown value 
of the energy scale jl which is only supposed to be of order Planckian one, but for possible various phases the scale 
/2 may be different. We consider two particular cases when the scale parameter M corresponds to the experimental 
value of G and A. In each case we will find that the coupling constant g takes large and small values respectively. It is 
possible that there are two phases corresponding to these strong and weak coupling constants. Recently the existence 
of two phases in gravity was suggested in [45| within a different approach. 

To justify the known value for Newton's constant one should put the following value of the structure constant 
ttg = g^/47r ~ 1.52, which corresponds to a strong coupling phase. Notice that the cosmological constant is of the 
Planckian order. This value is consistent with cosmological models which elaborate the large value of the cosmological 
constant at very early universe to provide the fast initial inflation. 

The weak coupling phase can be determined by the known experimental bound for the vacuum energy density 

^ 2 ■ l{)-^\Gevf . (51) 
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This implies the foUowing value of the scale M according to (|151 B5)) 

M^ = 3.64 X lQ-'^'^{Gevf . (52) 

The corresponding value for the structure constant is small 

a„ = ^ = 0.0123. (53) 

47r 

This value can be compared with the value assGUT — 0.04 of the structure constant in supersymmetric S'O(IO) 
GUT model at unification scale 2 x lO^^Gew. The same order of the structure constants Ug and assGUT might be 
a hint to the origin of supersymmetry and its relation to quantum gravity. It would be natural to suspect such a 
connection since the algebra of supersymmetry had been invented exactly as an extension of the Poincare Lie algebra 
which describes the space-time symmetries intimately related to gravity. The weak coupling phase can be considered 
as an analog to quark-gluon plasma phase of QCD where some intriguing results have been obtained recently [46[. 
Namely, this phase is described by the liquid model with unexpected still non-vanishing gluon condensate. It would 
be of interest to study the possible relationship of the gravitational weak phase to the hydrodynamic modelling the 
quantum gravity phenomenology proposed in [47i] . 



IV. PARALLELS TO QCD: TORSION TO BE CONFINED 

The consistent quantum theory of strong interaction is presented by the quantum chromodynamics. One should 
stress that at classical level the QCD can not serve merely as a classical theory because single quarks and gluons are 
not observable in principle as free particles. The classical theory of strong interaction below the confinement scale is 
described by other phenomenological models where classical states are represented by hadrons, the bound states of 
quarks and gluons. There is a deep analogy between our gauge model of gravity with torsion and the theory of strong 
interaction in mathematical structure. It is a very intriguing question up to which extent this analogy lies on. We 
recall the main construction of the gauge invariant Abelian projection in SU{2) QCD [33. The Abelian decomposition 
of the full gauge potential of SU(2) gauge theory has been implemented with a scalar triplet n which represents pure 
topological degrees of freedom classified by the homotopy group 7r3(S'^) ~ Z 

A^=^ A^n^-hxdf,h + Xf, = A^ + Xf„ (n^ = 1, h-X^, = 0), (54) 

where A^ is a restricted potential, and X^ represents the off-diagonal component, the so-called valence gluon. The 
important property of the restricted potential A^ is that it possesses the transformation properties of the full SU{2) 
gauge connection even in the absence of the valence gluon. The scalar n is covariant constant 

D^n — d^h + gA^ x fi = (55) 

and has a clear mathematical origin as an isometry vector corresponding to the Cartan subalgebra U{1) of SU{2) Lie 
algebra. Under the infinitesimal gauge transformation 

dn = —d X fi, 

5A^ = -(<9^a + gA^ x a) = -Z3^d ^ > 

one has the following transformation rules for the Abelian and off-diagonal gluon components 

5 A, = in . d,d, ^^^^ 

6X^ = -a X X^. 

Notice, that the valence gluon X^ transforms covariantly like a vector and plays the role of charged matter. In addition 
to the initial classical transformation (|56p , there is a second type of transformation which originates from the additive 
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6n = 0, 

SX^ = -{Df^a - [h ■ D^a)n). 

From the comparison of the SU{2) QCD structure with the Lorentz gauge model introduced in Section 2 one can 
immediately find the analogy between the restricted potential A^^ and valence gluon X^ in QCD on the one hand, and 
the Levi-Civita connection cu^cd and contortion K^cd in Lorentz gauge model on the other. 

Obviously, in QCD (as well as in the Weinberg-Salam model which contains the group SU{2) as a subgroup) we can 
not treat the off-diagonal component X^ as a true covariant vector. The reason is that if we introduce, for instance, a 
mass term for the off-diagonal gluon into the Lagrangian the renormalizability will be lost. For the same reason we can 
not treat the contortion K^^cd as a true tensor in gravity models in attempts to formulate a quantum renormalizable 
theory. 

Let us consider the following aspect of the confinement problem in QCD regarding the fact that quarks and gluons 
are not observable single particles. One heuristic argument why we can not observe the color single states is the 
following ^ : quarks and gluons are not gauge invariant and we have no a conserved color charge like the electric charge 
in Maxwell theory. So that quarks and gluons can not be observable as single physical particles unless the color SU{3) 
symmetry breaks down. The reason why we can observe the vector bosons in Weinberg-Salam model is due to the 
spontaneous breaking of the symmetry. Besides, in Maxwell theory the classical electric and magnetic fields are gauge 
invariant concepts. This is not the case with the non- Abelian theory of QCD where gluons are not gauge invariant 
objects. This fact along with the color symmetry being unbroken gives a natural explanation to the confinement 
phenomenon from the symmetry point of view. 

If we accept the hypothesis that a Lorentz gauge model of gravity with torsion possesses two types of gauge 
symmetry (J6ll9p then we will be forced to accept the confinement of torsion unless the quantum Lorentz gauge 
symmetry breaks down. The only classical objects which can be observed are bound states of Kfj_cd and torsion vacuum 
condensates. If torsion is confined this could help to circumvent difficulties related with available experimental limits 
and some theoretical severe restrictions on propagating torsion [4^, |4^ . 



V. DISCUSSION 

Let us return to the problem of positive definiteness of the Hamiltonian in the classical theory corresponding to 
the Lagrangian (J17p . Note that the existence of the quantum theory when the corresponding classical theory can not 
be defined consistently is not a new situation in quantum field theory. The classical field theory of the Dirac electron 
is not well-defined due to the existence of negative energy states (Dirac sea) . Upon postulating the anticommutative 
relations for the creation and annihilation operators the quantum theory of electron becomes consistent, but still the 
classical energy remains positive undefinite. The deep origin of that problem was studied in |50l. [Sll. [53| . and it is related 
to transformation properties of some operators under the time reflection. As it was pointed out in [5^ , there was a 
principal contradiction between the facts that the Lagrangian is a scalar function under the time reversal meanwhile 
the energy-momentum vector P^ — J dcr^Tf^^ is a pseudovector, and the electric charge Q — 1/cJ da^^j^ and the 
mass term of the electron M'tpip are pseudoscalars. In path integral approach these facts allow the interpretation 
of the negative energy states as positrons moving backward in time ^52i|. The quantization based on the functional 
integration is more general since it allows the quantization of non-quadratic in momentum Lagrangians and, as in the 
particular example of quantum electrodynamics, the path integral sums up all paths including those that correspond 
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to time reversed direction. The compact group structure of the Lorentz group in Euchdcan space-time guarantees the 
consistent quantization of the theory (in the present paper we do not consider the problems of analytical continuation 
from Euclidean space-time back to Minkowski one) . Besides this we give a heuristic argument on a possible resolution 
of the negative energy problem of the classical Hamiltonian. Let us consider the time reflection operation t -^ —t. To 
find the properties of the contortion under the time reflection it is convenient to write down the linearized equations 
of motion in flat space-time background in the generalized Lorenz gauge d^K^^'^'^ = 

d^d^K„,d = ^(7.Sed + Scd7.)*- (59) 

Under time reversal the transformation rule for a spinor is given by \I> — > T^ with T = 717273- This implies 
^\E' -^ — ^\1', i.e., the spinor matter density is a pseudoscalar. From the equations of motion one can find the 
transformation properties of the contortion under the time reflection 

Kijk -^ —Kijk, Kiok -^ +Kiok, /„„% 

Kojk -^ +KQjk, KoQk -^ —Kook, 

so that, Kf^jk manifests itself as a pseudovector (like a photon A^ or a pseudovector combination ipj^^ made of the 
Dirac spinor) whereas the part of contortion iC^ofc j which gives a negative energy contribution, represents the opposite 
properties of a vector. Since the contortion is invariant under charge conjugation it represents a neutral particle. By 
analogy with the path integral formulation of quantum mechanics we can interprete i^^^ofc as a particle moving back 
in time with a positive energy like a positron in Feynman theory of positron [52| . Obviously such an analysis can not 
be performed in a case of gauge models with a non-compact internal group. 

In conclusion, we propose a simple gauge model with a local Lorentz group which is supposed to describe the 
quantum theory of gravity with torsion. One-loop effective action is calculated for a constant curvature space-time 
background. We have demonstrated that the Hilbert-Einstein gravity can be induced due to the quantum dynamics 
of torsion via formation of a stable gravito-magnetic condensate. One should notice that in our paper we have treated 
the metric as a fixed metric of the classical space-time background while the contortion supposed to be a quantum 
field. Such a treatment of metric is not merely satisfactory from the conceptual point of view since one has to assume 
the pre-existence of space-time with a metric given a priori. One possible way to resolve that problem is to extend 
the Lorentz gauge group to Poincare one, as it was mentioned in the Introduction. In that case the gauge potential of 
Poincare group, the vielbein, obtains dynamical content on equal footing with torsion. Another interesting possibility 
is to consider Gauss-Bonnet-type gravity model with torsion [2^ . The model in the absence of torsion reduces to a 
pure topological theory with arbitrary metric. Surprisingly, within this model the torsion has the same number of 
physical degrees of freedom for its spin two field component as the metric tensor. This provides an additional argument 
supporting our conjecture that torsion can play an important role as a quantum counterpart to the metric. Possible 
implications of our results in cosmology of early Universe will be considered elsewhere. 
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